Substituted layered sodium manganese oxide bronzes with the P2 structure were prepared by glycine-nitrate combustion synthesis. The Na in the as-prepared materials could be 
Introduction
Novel materials for use as electrodes in Li-ion batteries have attracted much attention since Sony produced the first commercial Li-ion batteries in 1990. [1, 2] Commercial Li-ion battery electrodes today contain expensive and hazardous compounds, like lithium cobalt or nickel, oxides or combinations of these. It is desirable to replace these with a manganese-based system, which is potentially cheaper and less toxic. However, the 3D spinel structures of lithium manganese oxides exhibit low capacities and poor cycling behavior. Recently layered lithium manganese oxides have been investigated in an attempt to improve these properties. [3, 4] LiMnO 2 with the α-NaMnO 2 structure, however, transforms into the more stable spinel structure upon electrochemical cycling. A non-stoichiometric layered sodium manganese oxide, Na 0.7 MnO 2+y , with a stacking sequence different from α-NaMnO 2 , can be ion-exchanged to produce an electrode that should not transform into spinel upon cycling. [5] When directly synthesized with Na as the alkali metal ion the materials have a P2 structure, where P indicates a prismatic oxygen environment for the alkali metal ion and 2 indicates the number of MO 2 sheets within the unit cell. Upon ion exchange, the stacking of the layers changes to O2 or O6 where the Li ion is in an octahedral site, or to T2 where the Li ion is in a tetrahedral site. [6] These materials showed promising electrochemical behavior, with a high initial discharge capacity. However, samples in the previous studies were incompletely exchanged, complicating interpretation of the cell cycling behavior.
Materials in the earlier studies had fairly large particle sizes (above 10 µm). [7] We have used glycine-nitrate combustion synthesis to produce the precursor P2 Na 0.7 M x Mn 1-x O 2 (where M is a metal substituent) compounds. [8, 9] This method produces small particles that are more easily ion-exchanged under mild conditions than larger particles produced by conventional solid-state synthesis. The milder ion exchange has proven to be the most effective way to obtain stable cycling in layered lithium manganese oxide electrode materials. [10, 11] 3 •9H 2 O) were mixed with glycine in the molar ratio 1:2 (glycine:nitrate) and diluted with de-ionized water. The temperature of the combustion reaction is determined by the glycine:nitrate ratio and was chosen to give 1300-1400°C. [8] The solution was mixed with a magnetic stirrer over night, until all the nitrates were dissolved, and then slowly dripped into a metal beaker placed on a hot plate. The water evaporated and the nitrates reacted exothermically, with the glycine acting as fuel for the reaction. The as prepared powder was calcined at 800°C for 4h to remove any organic residue and to obtain a homogenous material.
The materials were refluxed in a solution of LiBr in ethanol (9 fold excess of Li) for 48h at 80°C, for the ion exchange.
Electrode preparation and cell assembly: The electrodes were prepared by thoroughly mixing 80wt% active material with 6% carbon black (Shawinigan Black), 6% SFG-6 graphite (Timrex Timcal) and 8% PVdF (from a 6% NMP-solution) and extruding onto an aluminum-foil. The electrodes were allowed to dry over night at room temperature and for 24h at 120°C. Coin cells were assembled in a glove-box (<1 ppm 
Results & Discussion
The chemical analysis of the sodium-containing precursors yields a molar ratio of From the XRD measurements, it can be concluded that the lithiated material has the O2 structure, with the peak assignments shown in Figure 1 . No evidence of the T2 structure could be found in any samples. The T2 phase should appear as a split in the (110) peak at 66° in 2θ. [6] A small peak matching the strongest reflection from the O3 structure (103) can be observed. This arises from exchange of a small NaMnO 2 impurity present in the precursor material. [12, 13] As can be seen in the diffractograms, the peakshape and intensity varies between different reflections (Figure 1 ). For instance, the (002) and (110) reflections are very sharp and narrow with high intensities, while most of the other reflections are rather broad and not clearly defined. This is especially prominent for the (h0l) reflections. This indicates the presence of stacking faults, and makes Rietveld refinement of these patterns difficult to carry out with acceptable statistics. Because sliding of the MnO 2 layers, which occurs during ion exchange and conversion of the P2 sodium form, can result in a number of different stackings, there is a high probability of ending up with a mix of e.g., O2, O6, and T2 stackings. [14] 7 Li MAS NMR experiments and transmission electron microscopy (TEM) analysis are more sensitive probes of local environments and are currently being undertaken to better understand the nature of the faults in these layered materials. [13] The morphologies of the ion-exchanged powders were studied with SEM ( Figure   2 ). It was found that they consist of small crystallites, about 1-4 µm across, which are slightly fused together from the calcination, into larger agglomerates of 15-30 µm. These larger particles are very porous, allowing ready access of the electrolyte solution. Figure 4 ). For diffusion-controlled reactions, the peak current is typically proportional to the square root of the sweep rate, whereas those without diffusion steps, e.g. reactions of surface species, are directly proportional to the sweep rate. Reactions involving the solutes or solvents of the electrolyte, i.e. electrolyte decomposition, should be of the diffusion-controlled type, even if the product is solid and remains at the surface, (e.g. the solid electrolyte interface layer). It can be seen that there is a perfect linear relationship between the peak current and the square root of the sweep rate. Hence, the reactions in these electrode materials are diffusion controlled.
To obtain a pseudo open-circuit potential (OCP) profile, potential step experiments were performed. Differential capacity data obtained between 3.9 and 2.0 V was integrated to obtain the curves shown in Figure 5A B.
